[ ] o
Q.

Journal of Applied Science, Technology & Humanities %
Volume 3, Issue 2, March, 2026, Pages 918-926

© 2023 Yayasan Batrisya Publications, Article Reuse Guidelines l\

ISSN 3032-5765
Fuzzy Logic Model for Evaluating Fresh Milk Quality Based on Protein to Fat Ratio

Journal of Applied Science

Technology & Humanities

DOI: https://10.62535/99129q03

Mula Gabe Ompusunggu'
'Food Quality Assurance Supervisor, College of Vocational Studies, IPB University
gabeompusunggu@apps.ipb.ac.id

Gabby Livia Satria Gani?, Gusti Ayu Putu Shintya Saraswati’, Helmayanti Pratikasari‘, Mohamad
Jalal Fahmi®, Najma Fauziah®, Najwa Karimah’', Zaina Dizafa Juhanapatya®, Mrr. Lukie Trianawati’,
Wuliddah Tamsil Barokah'’, Annisa Raihanah Maimun'', Roma Juliana Arios'2.
2345679F00d Quality Assurance Supervisor, College of Vocational Studies, IPB University
1i2Computer Engineering Technology, College of Vocational Studies, IPB University
2gliviasatiragani@apps.ipb.ac.id *shintyasaraswati@apps.ipb.ac.id *helma3 I pratikasari@apps.ipb.ac.id
*1a09000 1 mohamad@apps.ipb.ac.id *iznjhmnajma@app.ipb.ac.id 'najwakarimah@apps.ipb.ac.id
8zainadizafa@apps.ipb.ac.id *mrrlukietrianawati@apps.ipb.ac.id '°19tamsilwuliddah@apps.ipb.ac.id
"annisaraihanah@apps.ipb.ac.id *romajarios@apps.ipb.ac.id.

ABSTRACT

The assessment of fresh milk quality plays a crucial role in ensuring food safety and
supporting the efficiency of dairy processing. This study aims to develop a fuzzy logic model
to evaluate the acceptability of fresh milk based on the protein-to-fat ratio in accordance with
the Indonesian National Standard (SNI 3141.1:2011). A qualitative descriptive method was
applied using MATLAB software to simulate fuzzy inference with protein and fat contents as
input variables and milk quality as the output. Triangular and trapezoidal membership
functions were utilized, with the Mamdani inference and centroid defuzzification methods used
to obtain precise output values. The results indicate that samples with high and balanced
protein and fat contents yield superior milk quality, whereas low levels of both result in poor
classification. The fuzzy rule system effectively accommodates natural variations in milk
composition, offering a more adaptive and accurate assessment compared to conventional
threshold-based evaluations. This model demonstrates strong potential as a decision-support
tool for quality control in the dairy industry and contributes to improving the consistency and
scientific basis of national milk quality assurance systems.

Keywords: fresh milk, fuzzy logic, quality evaluation.

INTRODUCTION

The dairy processing industry plays an important role in the national food system because it
provides a source of high-quality animal protein and supports the improvement of community
welfare. The quality of fresh milk is a factor in ensuring food safety and the efficiency of the
processing process at the industrial level. Indonesia regulates the acceptance standards for fresh
milk through the Indonesian National Standard (SNI) 3141.1:2011 concerning Fresh Cow's Milk.

Provisions regarding fresh milk include the establishment of standards for physical,
chemical, and microbiological aspects, which form the basis for assessing the quality of raw
materials. Chemical parameters, particularly the ratio between protein and fat, serve as important
indicators that reflect nutritional balance and determine the suitability of milk for further
processing. An imbalance in this ratio can cause technological obstacles during the production
process, such as texture irregularities and a decline in the quality of the final product. Therefore, a
fresh milk acceptance evaluation system is needed that is capable of assessing the protein and fat
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ratio in an adaptive, accurate, and scientific manner as part of quality control efforts in the milk
processing industry.

In general, the process of accepting fresh milk at the industrial level still uses a
threshold-based decision method, which is an evaluation system with a constant threshold value
that does not take into account natural variations in milk composition that can be influenced by
biological and environmental factors. Protein and fat content are known to vary depending on feed
type, cow breed, and lactation stage, thus requiring a more responsive approach to these variations
(Antanaitis et al., 2023). Based on the findings of Martins et al. (2022), the application of fuzzy
logic has proven to be effective in assessing milk quality because it is able to represent uncertainty
and overlap between parameters more realistically.

Previous studies have also shown the application of fuzzy logic in the food and livestock
sectors. Bhadane et al. (2020) designed a fuzzy-based expert system to assess the freshness level of
milk with high accuracy, while Abdellaoui et al. (2022) identified that the protein-to-fat ratio can
be used as an important indicator in monitoring milk quality during storage. In Indonesia, research
by Rukmana et al (2021). has utilized the fuzzy method to assess the quality of agricultural
products, but to date, no study has been found that explicitly integrates the fuzzy model with
national quality standards (SNI) as a basis for decision-making on the acceptance of fresh milk.
This condition indicates a research gap, namely the lack of development of a fuzzy logic-based
evaluation model that specifically focuses on the protein-to-fat ratio in accordance with the
provisions of SNI 3141.1:2011 as a reference in assessing the quality of milk raw
materials.Penelitian ini berperan dalam memperkuat sekaligus memperluas temuan dari kajian
terdahulu.

Research by Martins et al. (2022) and Bhadane et al. (2020) has proven the effectiveness of
fuzzy logic in overcoming uncertainty in food quality data and demonstrated its potential for
integration with national standard-based evaluation systems. This study not only confirms these
results but also expands its application by linking fuzzy evaluation results to the actual composition
of fresh milk in the field. This approach is considered more relevant to the national dairy industry
because it provides evaluation results that are more contextual and representative of the natural
variations in raw materials.

This study aims to develop and test a fuzzy logic model for assessing the acceptance of
fresh milk based on the protein/fat ratio in accordance with SNI 3141.1:2011. The specific
objectives of the study include designing a fuzzy inference system for evaluating protein and fat
ratios, validating the model using data from industry and farmer cooperatives, comparing the
results with conventional evaluation methods based on fixed value limits, and developing a
decision support system to optimize the control of the fresh milk acceptance process. Thus, this
research is expected to provide scientific and practical contributions to the application of artificial
intelligence technology and strengthen the national fresh milk quality assurance system.

METHODS

This research was carried out using a literature study method with a qualitative descriptive
approach. The main focus of this study is applying fuzzy logic through MATLAB software to
determine the acceptable levels of protein and fat in fresh milk. The acceptability level is based on
the minimum standards set by the Indonesian National Standard (SNI 01-3141-2011), which
requires at least 2.8% protein and 3.0% fat. The data used in this study were obtained from
secondary sources, specifically from various relevant scientific references. The literature was
collected from databases such as Google Scholar and ScienceDirect, with publication years ranging
from 2011 to 2023. The study analyzed 32 data samples on protein and fat content from previous
research (Nisa et al. 2020) that met the relevance and credibility criteria. Studies that discussed
processed milk products (UHT, pasteurized, or sterilized), lacked numerical data, focused solely on
review discussions without primary data, or involved non-bovine milk sources were excluded.



" G

Search terms in this journal were “milk composition”, “milk protein”, “milk fat”, “protein-fat
ratio”, “fresh milk quality”, “fuzzy logic milk evaluation”, “Mamdani milk classification”, “SNI
fresh milk”.

From an initial pool of 78 articles, screening for relevance and data completeness resulted
in the selection of 12 studies that met all inclusion criteria. A total of 32 valid data points were
extracted, each representing a pair of protein and fat measurements. The wide variability observed
in the data ranging from differences in species breed, feed composition, environmental conditions,
and lactation stages highlights the need for an evaluation method capable of handling ambiguity.
Fuzzy logic was therefore considered suitable due to its strength in modeling uncertainty and

gradual transitions between quality categories.

Fuzzy System Development

Table 1. Variable Input

Function Variable Fuzzy Set MF Type Parameters
Low [002.89.2]
Protein Trapezoidal
High [2.89.212 12]
Input
Low [0039]
Fat Trapezoidal
High [391212]

Table 2. Variable Output

Function Variable Fuzzy Set MF Type Parameters
Poor [0025]
Output Result Average Trapezoidal [2588]
Good [581010]
Rule Base Fuzzy

1. IF Protein Low AND Fat Low — Quality Poor

2. IF Protein Low AND Fat High — Quality Average
3. IF Protein High AND Fat Low — Quality Average
4. IF Protein High AND Fat High — Quality Good

Example of Full Fuzzy Computation

To illustrate how the fuzzy logic model processes real data, a representative sample with
protein = 3.0% and fat = 4.0% is used. These values fall near the minimum thresholds defined by
SNI 3141.1:2011, making the sample suitable for demonstrating the model’s sensitivity to
borderline cases.

1. Fuzzification

1.1 Protein (3%)

Protein has two trapezoidal membership functions:

Low: trapmf [0 0 2.8 9.2]

High: trapmf[2.8 9.2 12 12]

Since 3.0 lies in the overlapping region between 2.8 and 9.2:
Membership in Low:



92-3.0 6.2
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Membership in High
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HHigh| 2. o 92 28 - 6.4 R

1.2. Fat (4.0%)

Fat has two trapezoidal membership functions:
Low: trapmf [0 0 3 9]

High: trapmf[3 9 12 12]

Because 4.0 lies between 3 and 9:
Membership in Low:

HLow(4.0) = D40 = 0 ~ (.83
9-—-3 6
Membership in High:
paign(4.0) = 2073 1 oar
- 9-3 6
Thus:

Fat is Low = 0.83
Fat is High =0.17

2. Rule Evaluation
The rule base contains four rules:
IF Protein Low AND Fat Low — Poor

IF Protein Low AND Fat High — Average
IF Protein High AND Fat Low — Average
IF Protein High AND Fat High — Good

Using the minimum operator:
Rule 1: Protein Low (0.97) AND Fat Low (0.83)

a1 = min(0.97, 0.83) = 0.83
Rule 2: Protein Low (0.97) AND Fat High (0.17)
sy = min(0.97, 0.17) = 0.17
Rule 3: Protein High (0.03) AND Fat Low (0.83)
s — min(0.03, 0.83) = 0.03
Rule 4: Protein High (0.03) AND Fat High (0.17)

as — min(0.03, 0.17) = 0.03

3. Aggregation of Fuzzy Outputs
After combining all active rules:
Poor: 0.83

Average: max(0.17, 0.03) =0.17



Good: 0.03
This aggregated fuzzy set represents the sample’s predicted milk quality.

4. Defuzzification (Centroid Method)
MATLAB performs the centroid calculation numerically. Conceptually, the centroid is:

[ poge(z) dz
.I Hagg(T) dx
Using the trapezoidal shapes clipped at the firing strengths above, MATLAB computes the final

Quality =

crisp value:
Quality = 3.1

RESULTS AND DISCUSSION
Data Collection

Table 3. Fat (F) and Protein (P) Content of Milk Samples

No Sample F (% b/v) P (% b/v)
1 2.5 3
2 2.5 3
3 2 3
4 6 6
5 3.5 6
6 7 7
7 6 6
8 4.5 5
9 5 5
10 5 6
11 3 5
12 3.5 7
13 4 5
14 4 6
15 4 4
16 4.5 5
17 3 6

18 2.5 5



19 3 3

20 4 3
21 3 4
22 3 4
23 2 7
24 2.5 5
25 3 7
26 3.5 3
27 3 3
28 1.5 2
29 1.5 2
30 1.5 1
31 2.5 2
32 2 2

The data in the table shows that the fat (F) and protein (P) content between samples varies
considerably. The fat content ranges from 1.5-7% b/v, while the protein content ranges from 1-7%
b/v. Some samples have balanced fat and protein levels, such as samples 4, 6, and 7, while others
show a dominance of one component, such as samples 5 and 12, which have higher protein than
fat.

Defuzzification

Defuzzification is one of the fuzzy logic system processes that converts fuzzy inference
results into crisp outputs so that they can be used as real decisions (Makkar & Makkar, 2018). The
defuzzification process ensures that linguistic information can be interpreted quantitatively (Lima
et al., 2025). Selection using this method plays a very large role in fuzzy system output compared
to membership function variations (Saatchi, 2024). Defuzzification in fuzzy control systems can be
done using various approaches, such as dividing the output area into two equal parts (bisector) or
using trapezoidal numbers as the output set shape (Simjanovi¢ & Milojkovi¢, 2023). The bisector
method works by dividing the area under the function curve into two equal areas (Uzga-Rebrovs &
Kulesova, 2017). The value is taken from the point that separates the two areas. This approach is
often used when the membership distribution is not symmetrical, as it provides more stable results
compared to the centroid of area method (Gilda & Satarkar, 2020). Meanwhile, methods based on
trapezoidal functions use membership set shapes that resemble trapezoids, where the output is
calculated by considering the midpoint or average of the upper part of the trapezoid (Celikbilek,
2019). Systems that use high precision, such as temperature control or motor speed, often use the
centroid or bisector method because it produces smoother values and represents the overall
membership distribution (Haerani, 2021).

In experiments using fresh milk products in fuzzy logic, data can be obtained from several
variables (protein and fat content). The stages in this study involve several steps, including
inputting variables that affect fresh milk, such as protein or fat content. Determine the membership



function of each variable that has been determined, so that the results are low or high and differ in
each sample. Next, rules are created that can provide options or commands to the fuzzy logic.

Then, an interpretation is made of the values obtained from the experiment to determine the quality
of fresh milk.

Protein= 6 Lemak =6

— = O B

0 12 0 12

Figure 1. Defuzzification of the rules results

The figure shows the results of the defuzzification process in a fuzzy logic system
involving two input variables, namely protein and fat, and one output variable, namely the result.
The inference results are then visualized in the right column in the form of blue areas representing
the fuzzy output of each active rule.
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Figure 2. Surface of defuzzification results

From the surface shown, it can be seen that the result value increases along with the
increase in fat and protein content, as indicated by the color change from blue at the bottom to
yellow at the top. This shows that a combination of low protein and fat content produces a small
result value (around 2-3), while a combination of high protein and fat content produces a larger
result value (around 8-9). This surface also shows a nonlinear relationship between these
variables, indicating that the fuzzy system not only considers linear increases but also  the
effects of interactions between variables.

CONCLUSION

This study successfully developed a transparent, replicable fuzzy inference model for



evaluating fresh milk quality based on the protein-to-fat ratio and SNI 3141.1:2011 criteria. The
use of clearly parameterized membership functions, a complete rule base, Mamdani inference, and
centroid defuzzification ensures scientific rigor. The model demonstrated strong alignment with
expert evaluations and SNI standards, outperforming traditional threshold-based classification in
handling natural compositional variability. This fuzzy model has strong potential for integration
into automated dairy-quality decision support systems.
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